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PERIPHERAL DEVICE FOR
PROGRAMMABLE CONTROLLER

This application 1s a continuation of International Appli-

cation PCT/JP99/0027/70, with an international filing date of 5

Jan. 25, 1999, which designated the United States, the entire
contents of which are hereby i1ncorporated by references.

TECHNICAL FIELD

The present invention relates to a peripheral device used
as a programming tool and the like for creating a sequence
program for a programmable controller for controlling
mechanical equipment. More particularly, this invention
relates to a peripheral device having a function for checking
a sequence program.

BACKGROUND ART

FIG. 18 shows a peripheral device for a programmable
controller (hereinafter referred to as a PC peripheral device
in some cases) in the conventional technology.

A PC peripheral device 300 1s provided with a processing
section 301 formed by a CPU or the like, a main storage
section 302, an auxiliary storage section 303, a key input
control section 304, a screen control section 305, and a
printer control section 306. A keyboard 307 1s connected to
the key input control section 304, a display unit 308 formed
by a CRT or the like 1s connected to the screen control
section 3035, and a printer 309 1s connected to the printer
control section 306.

The main storage section 302 1s allocated for a system
program arca 310, a sequence program arca 311, and a
device range information area 312. A system program 1s
stored 1n the system program area 310, a sequence program
1s stored 1n the sequence program area 311, and device range

information 1s stored in the device range information arca
312.

FIG. 19 shows a device allocation table of a PC peripheral
device. The device allocation table 1s stored in the device
range information area 312 and defines the range of each
device. The device allocation table contains information
such as points information 400 on each device, as well as
local device range information 401 and global device range
information 402 for each device.

Note that a local device 1s a device allocated for each
sequence program, while a global device 1s a device com-
mon to all sequence programs.

The programmable controller peripheral device 300 stores
sequence programs nput by the keyboard 307 via the key
input control section 304 1n the sequence program arca 311
of the main storage section 302. It also stores device range
information 1n the device range information area 312 of the
main storage section 302. The sequence programs and
device range information stored in each area are output to
the display unit 308 via the screen control section 305 and
to the printer 309 via the printer control section 306, and are
stored 1n the auxiliary storage section 303.

Here, the sequence program and device range information
will be taken as already created and stored in the main
storage section 302.

When checking as to whether or not there 1s an error 1n a
value of a device used 1n a sequence program, a check
instruction 1s given using the keyboard 307 via the key input
control section 304. Based on this check instruction, the
processing section 301 executes a check routine in the
system program. This check routine will be described below
while referring to FIG. 20.
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Based on the check instruction, processing 1s executed so
that the data of one command 1s acquired from the sequence
program (step S301). Processing is then executed to check
whether or not a device is being used in the command (step

$302).

If a device 1s included, processing to acquire the device
number is executed (step S303). Processing is then executed
to check whether or not the device number exceeds the
points of the device point information (step S304).

In this check, if the device number exceeds the points of
the device point information, error display processing 1is
executed to report that the range is exceeded (step S305).

It 1s then verified whether or not the checking has been
completed down to the final step (step S306), and the above
processing sequence 1s repeated as far as the final step.

As an example, when checking a sequence program such
as that shown i FIG. 21, the checking 1s performed in
sequence from the first command of the sequence program.
When the third command 1s checked, “MOV K40 D9000” 1s
acquired, and “D9000” 1s acquired as the device used 1n the
command.

As shown 1n FIG. 22, the device “D9000” and the device
range Information of the device D are compared, and a check
1s made as to whether or not the device “D9000” 1s within
the range of the points of the device D 1n the device range
information. As the points of the device D are “8191”, while
the number of the device “D9000” 1s “90007, the device
“D9000” 1s outside the range of the device D. Therefore, an
error such as that shown 1n FIG. 23 1s displayed. In the error
display, the command number (list line) where the command
which uses the device that exceeds the device range 1s
present as well as one command and device range 1nforma-
tion (maximum value) are displayed on the screen.

However, because the seventh “BMOV” command of the
sequence program shown in FIG. 21 1s a command for
copying 10 groups of data starting from “DO0” to 10 data
arcas starting from “D8190”, the ten groups of data starting,
from the data transfer destination device “D8190” are form
the range “D8190”—“D8199”. This exceeds the maximum
value of the pomts of the device D, however, 1n a conven-
tional PC peripheral device, because whether or not the data
transfer destination device “D8190” 1s outside the device
range 1s only being checked, no error results.

Further, 1n a conventional PC peripheral device, because
it 1s not possible to check whether or not devices connected
by a device notation indicating consecutive areas and com-
mands specifying consecutive devices present in the
sequence program are local devices and global devices used
in combination, this check has to be performed by visually
confirming the sequence program. Such a check 1s extremely
troublesome and inconvenient, and errors 1n the operation of
the programmable controller caused by mistakes in the
checking may occur.

Furthermore, 1n a conventional PC peripheral device,
because 1t 15 also not possible to check the checking as to
whether or not devices connected by a device notation
indicating consecutive areas and commands specifying con-
secutive devices present in the sequence program are used
singly by other commands present 1n the sequence program,
this check has to be performed by an operator visually
confirming the sequence program. Such a check 1s extremely
troublesome and 1inconvenient, and errors 1n the operation of
the programmable controller caused by mistakes in the
checking may occur.

Furthermore, 1n a conventional PC peripheral device,
because 1t 1s not possible to check whether or not index
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modified results of commands specifying index modification
devices present 1n the sequence program are used by other
commands present 1n the sequence program, this check has
to be performed by an operator visually confirming the
sequence program. Such a check 1s extremely troublesome
and inconvenient, and errors 1n the operation of the pro-
crammable controller caused by mistakes in the checking
may OCCUT.

The present invention has been achieved 1n order to solve
the above problems. It 1s an object of the present mnvention
to provide a peripheral device for a programmable controller
capable of performing each of the checks below
automatically, without the necessity of the confirmation
work of the sequence program itself by watching by an
operator. Namely, a check as to whether or not devices
connected by a device notation and commands specifying
consecutive devices present 1n a sequence program are local
devices and global devices used 1n combination; and
whether or not local devices and global devices are being
used 1n combination 1n a device notation; a check as to
whether or not consecutive devices of commands specitying
consecutive devices present in the sequence program are
used alone by other commands present 1n the sequence
program; and a check as to whether or not index modified
results of commands specifying index modification devices
present 1n the sequence program are used by other com-
mands present 1n the sequence program.

DISCLOSURE OF THE INVENTION

According to one aspect of the present invention, a
peripheral device for a programmable controller comprises
a storage unit which stores a range of a device allocated for
cach sequence program, and a device range checking unit
which sequentially extracts device notations indicating con-
secutive areas and commands speciiying consecutive
devices present 1n a sequence program, expands devices of
corresponding consecutive areas, and checks whether or not
devices of consecutive arcas are within a range of devices
stored 1n the storage unit.

Theretfore, the device range checking unit sequentially
extracts device notations indicating consecutive arcas and
commands specilying consecutive devices present on the
sequence program, expands devices of the corresponding
consecutive areas, and checks whether or not devices of
consecutive areas are within the range of devices stored 1n
the storage unit.

According to another aspect of the present invention, a
peripheral device for a programmable controller comprises
a storage unit which stores device range information which
defines a range of a local device allocated for each sequence
program and a range of a global device common to each
sequence program; and a combined local device/global
device use checking unit which sequentially extracts device
notations indicating consecutive areas and commands speci-
fying consecutive devices present 1n a sequence program,
expands devices of corresponding consecutive areas, and
checks whether or not local devices and global devices are
used 1n combination for devices of consecutive areas, by
referring to device range mformation stored in the storage
unit.

Therefore, the combined local device/global device use
checking unit sequentially extracts device notations indicat-
ing consecutive areas and commands specifying consecutive
devices present 1n a sequence program, expands devices of
the corresponding consecutive areas, and checks whether or
not local devices and global devices are used in combination
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4

for devices of consecutive areas, by referring to device range
information stored 1n the storage unit.

According to still another aspect of the present invention,
a peripheral device for a programmable controller comprises
a device overlapping use checking unit which sequentially
extracts notations indicating consecufive areas and com-
mands specilying consecutive devices present 1n a sequence
program, expands corresponding consecutive areas, and
checks overlapping use of devices by comparing devices of
consecutive arcas with devices used by other commands
present 1n an 1dentical sequence program.

Therefore, the device overlapping use checking unit
sequentially extracts notations indicating consecutive arcas
and commands specitying consecutive devices present 1in the
sequence program, expands the corresponding consecutive
areas, and checks overlapping use of devices by comparing,
devices of consecutive areas with devices used by other
commands present 1n the i1dentical sequence program.

According to still another aspect of the present invention,
a peripheral device for a programmable controller comprises
a device overlapping use checking unit which sequentially
extracts commands specilying index modification devices
present 1n a sequence program, and checks overlapping use
of devices by comparing index modified result devices with
devices used by other commands present 1n an identical
sequence program.

Therefore, the device overlapping use checking unit
sequentially extracts commands specitying index modifica-
tion devices present in the sequence program, and checks
overlapping use of devices by comparing index modified
result devices with devices used by other commands present
in the i1dentical sequence program.

According to still another aspect of the present invention,
a peripheral device for a programmable controller comprises
a processing section formed by a CPU or the like, a main
storage section allocated for a system program arca which
stores a system program, a sequence program areca which
stores a sequence program, and a device range 1information
arca, an auxiliary storage section, a key input control
section, and a screen control section, wherein device range
information specitying a device range 1s stored 1n the device
range 1nformation area, and device notations indicating
consecutive areas and commands specilying consecutive
devices present In a sequence program are sequentially
extracted by the processing section running a system pro-
oram stored 1n the system program area, devices of corre-
sponding consecutive areas are expanded, whether or not the
consecutive devices are within a device range defined by
device range mformation stored in the device range infor-
mation area 1s checked, and a result 1s displayed on a display
unit connected to the screen control section.

Therefore, device notations indicating consecutive areas
and commands specifying consecutive devices present in the
sequence program are sequentially extracted by the process-
ing section running the system program, devices of the
corresponding consecutive arcas are expanded, whether or
not the consecutive devices are within the device range
defined by device range information stored in the device
range information area 1s checked. The result 1s displayed on
the display unit connected to the display control section.

According to still another aspect of the present invention,
a peripheral device for a programmable controller comprises
a processing section formed by a CPU or the like, a main
storage section allocated for a system program arca which
stores a system program, and a, sequence program area
which stores a sequence program, and a device range
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information area, an auxiliary storage section, a key input
control section, and a screen control section, wherein device
range mformation which defines a range of a local device
allocated for each sequence program and a range of a global
device common to each sequence program 1s stored in the
device range information area, and device notations indi-
cating consecutive arecas and commands specilying consecu-
tive devices present 1n a sequence program 1n the sequence
program areca are sequentially extracted by the processing
section running a system program stored in the system
program area, devices of consecutive areas are expanded
based on the above extraction, whether or not local devices
and global devices are used in combination for the devices
of the consecutive areas 1s checked by referring to the device
range information, and a result 1s displayed on a display unit

connected to the screen control section.

Therefore, device notations indicating consecutive arcas
and commands specifying consecutive devices present in the
sequence program 1n the sequence program area are sequen-
fially extracted by the processing section running the system
program, devices of the corresponding consecutive areas are
expanded, whether or not local devices and global devices
are used 1n combination for the devices of the consecutive
arcas 1s checked by referring to the device range 1informa-
tion. The result 1s displayed on the display unit connected to
the display control section.

According to still another aspect of the present invention,
a peripheral device for a programmable controller comprises
a processing section formed by a CPU or the like, a main
storage section allocated for a system program area which
stores a system program and a sequence program areca which
stores a sequence program, an auxiliary storage section, a
key 1nput control section, and a screen control section,
wherein notations indicating consecutive areas and com-
mands specifying consecutive devices present 1n a sequence
program stored 1n the sequence program area are sequen-
tially extracted by the processing section running a system
program stored 1n the system program area, devices of
corresponding consecutive areas are expanded, overlapping
use of devices 1s checked by comparing devices of consecu-
five arecas with devices used by other commands present in
an 1dentical sequence program, and a result 1s displayed on
a display unit connected to the screen control section.

Therefore, notations indicating consecutive areas and
commands specilying consecutive devices present 1n the
sequence program stored 1n the sequence program area are
sequentially extracted by the processing section running the
system program, devices of the corresponding consecutive
arcas are expanded, overlapping use of devices 1s checked
by comparing devices of consecutive arcas with devices
used by other commands present in the 1dentical sequence
program. The result 1s displayed on the display unit con-
nected to the display control section.

According to still another aspect of the present invention,
a peripheral device for a programmable controller comprises
a processing section formed by a CPU or the like, a main
storage section allocated for a system program area which
stores a system program and a sequence program area which
stores a sequence program, an auxiliary storage section, a
key 1nput control section, and a screen control section,
wherein commands specitying index modification devices
present 1n a sequence program stored in the sequence
program area are sequentially extracted by the processing,
section running a system program stored in the system
program area, overlapping use of devices 1s checked by
comparing index modified result devices with devices used
by other commands present in an 1dentical sequence
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program, and a result 1s displayed on a display unit con-
nected to the screen control section.

Therefore, commands specifying index modification
devices present 1n the sequence program stored in the
sequence program area are sequentially extracted by the
processing section running the system program stored 1n the
system program area, overlapping use of devices 1s checked
by comparing index modified result devices with devices
used by other commands present in the 1dentical sequence
program. The result 1s displayed on the display unit con-
nected to the display control section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a peripheral device for
a programmable controller according to an embodiment of
the present mvention;

FIG. 2 1s a flow chart showing a device range in a
peripheral device for a programmable controller of the
present mnvention and a flow of combined local device/
global device use checking processing;

FIG. 3 1s a flow chart showing a processing flow of
processing for fetching a device 1n a peripheral device for a
programmable controller of the present invention;

FIG. 4 1s a view of a ladder circuit and list expression
showing an example of a sequence program for performing
a combined local device/global device use check;

FIG. § and FIG. 6 are explanatory diagrams each showing,
examples of a combined local device/global device use

check;

FIG. 7 1s an explanatory diagram showing an example of
a screen display of a result of a combined local device/global
device use check;

FIG. 8 1s a flow chart showing a flow of processing of a
first device overlapping use check 1n a peripheral device for
a programmable controller of the present invention;

FIG. 9 1s a view of a ladder circuit and list expression
showing an example of a sequence program for performing
a first device overlapping use check in a peripheral device
for a programmable controller of the present invention;

FIG. 10 and FIG. 11 are explanatory diagrams each
showing an example of a first device overlapping use check;

FIG. 12 1s an explanatory diagram showing an example of
a screen display of a result of a first device overlapping use

check;

FIG. 13 1s a flow chart showing a flow of processing of a
second device overlapping use check 1n a peripheral device
for a programmable controller of the present imvention;

FIG. 14 1s a flow chart showing a processing flow of
processing to extract a minimum value and a maximum
value of a retrieval device mn a peripheral device for a
programmable controller of the present invention;

FIG. 15 1s a view of a ladder circuit and list expression
showing an example of a sequence program for performing
a second device overlapping use check;

FIG. 16 1s an explanatory diagram showing an example of
a second device overlapping use check;

FIG. 17 1s an explanatory diagram showing an example of
a screen display of a result of a second device overlapping
use check;

FIG. 18 1s a block diagram showing a conventional
peripheral device for a programmable controller;

FIG. 19 1s an explanatory diagram showing an example of
device range information;

FIG. 20 1s a flow chart showing a device check in a
conventional peripheral device for a programmable control-
ler;
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FIG. 21 1s a view of a ladder circuit and list expression
showing an example of a sequence program for performing
a conventional device check;

FIG. 22 1s an explanatory diagram showing an example of
a conventional device check; and

FIG. 23 1s an explanatory diagram showing an example of
a screen display of a result of a conventional device check.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present mvention will now be described 1n detail
while referring to the attached figures.

FIG. 1 1s a block diagram of a peripheral device for a
programmable controller according to the present invention.
A PC peripheral device 10 comprises a processing section 11
formed by a CPU or the like, a main storage section 12, an
auxiliary storage section 13, a key mput control section 14,
a screen control section 15, and a printer control section 16.
A keyboard 17, a display unit 18 formed by a CRT or the
like, and a printer 19 are connected respectively to the key
control section 14, the screen control section 15, and the
printer control section 16.

The main storage section 12 1s allocated for a system
program area 20, a sequence program areca 21, and a device
range 1nformation area 22. A system program, a sequence
program, and device range information are stored respec-
fively 1n the system program arca 20, the sequence program
arca 21, and the device range information area 22.

In the same manner as a conventional device, the PC
peripheral device 10 stores sequence programs based on
ladder expressions and list expressions from the keyboard 17
via the key control section 14 1n the sequence program area
21 of the main storage section 12. It also stores device range
information in the device range information area 22 of the
main storage section 12. The device range information may
be the same as conventional device range information such

as that shown in FIG. 19.

The PC peripheral device 10 also outputs sequence pro-
ograms and device range 1information stored in the respective
areas to the display unit 18 via the screen control section 15
and to the printer 19 via the printer control section 16, and
also stores 1t 1n the auxiliary storage section 13.

A system program stored in the system program area 20
1s provided with a program creation module 30 for the
programming of a sequence program, a device range and
combined local device/global device use checking (identical
attribute checking) module 31, a first device overlapping use
checking module 32, and a second device overlapping use
checking module 33.

The device range and combined local device/global
device use checking (identical attribute checking) module 31
used for checking sequentially extracts device notations
indicating consecutive areas and commands specifying con-
secutive devices present 1n the sequence program, expands
devices of the relevant consecutive areas, checks whether or
not devices of consecutive areas are within the range of
devices defined by the device range information stored in the
device range mformation area 22, and also checks whether
or not local devices and global devices are used 1n combi-
nation for the devices of consecutive areas by referring to the
device range information in the device range nformation
arca 22.

The first device overlapping use check module 32 sequen-
tially extracts device notations indicating consecutive areas
and commands specifying consecutive devices which 1s
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present 1n the sequence program, expands devices of the
corresponding consecutive arecas, and checks device over-
lapping use by comparing devices of consecutive areas with
devices used by other commands which 1s present in the
same sequence program.

The second device overlapping use checking module 33
sequentially extracts commands specitying index modifica-
fion devices present 1n a sequence program, and checks on
device overlapping use by comparing index modified result
devices with devices used by other commands which 1s

present in the same sequence program.

When a check on whether devices connected by device
notations indicating consecutive areas and commands speci-
fying consecutive devices 1n a sequence program are within
the device range determined 1n advance by the device range
information 1s performed, and when a check on whether
consecutive devices are local devices and global devices
being used 1n combination 1s performed, a combined local
device/global device use checking instruction 1s output from

the keyboard 17 via the key mput control section 14. This
instruction results 1n the processing section 11 running the
device range and combined local device/global device use
checking module 31 1n the system program.

The check routine of the device range and combined local
device/global device use checking module 31 will now be
explamned while referring to FIG. 2.

When a check instruction 1s given, a processing to set the
destination of the reference by the sequence program copy
source as the first command is performed (step S1). The first
command 1s then set as the destination of the reference by
the copy source. A processing to copy one command and
device to a work area from the sequence program 1s then
performed (step S2). By this processing one command and
device are copied to a work area.

A processing to determine whether the one command and
device copied to the first work area are a command speci-
fying a device indicating consecutive arcas or a device
notation is then performed (step S3). If the one command
and device are neither a command specilying a device
indicating consecutive areas or a device notation, a process-
ing to set the destination of the reference by the sequence
program copy source to the next command i1s performed
(step S4). By this processing, the destination of the reference
by the sequence program copy source 1s set to the next
command. The processing to copy one command and device
from the sequence program to the work area (step S2) is then
repeated.

If, however, the one command and device are a command
specifying a device indicating consecutive areas or a device
notation, a processing to fetch the device is performed (step
S5). With this process, the device alone is fetched from the
onc command and device.

The processing to fetch the device (device expansion
processing) will now be described while referring to FIG. 3.

A processing to disassemble one command and device
into a character string following the command so that nulls
(spaces) are used as keys and character string groups with no
spaces are created is performed (step S21), thus forming
respective device sections. A processing to determine
whether or not the first character of a character string 1s a
notation of a device indicating consecutive areas (i.e. 1s “K”
or not) is then performed (step S22). If the first character is
“K”, a processing to extract the numerical values following
“K” 1s performed (step S23). By this processing, the range
of the consecutive devices acquired (expanded).

A processing to determine whether or not the device
following “K” and the numerical values 1s present 1s per-
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formed (step S24). If the device is present, a processing to
extract the numerical values of the device following “K” and
the numerical values is performed (step S25). By this
processing, the first of the consecutive devices 1s acquired.

A determination 1s then performed as to whether or not an
extraction has been performed for all of the character string
groups (step S26). If an extraction has not been performed
for all character string groups, the routine 1s repeated from
the processing to determine whether or not the first character
of a character string 1s “K” (step S22).

Once extraction has been performed for all character
string groups, a processing to determine whether or not the
command 1s one specilying a device that indicates consecu-

tive areas (“BMOV?”) is performed (step S27). If the com-
mand 1s one specilying a device that indicates consecutive
arcas, a processing to acquire the number of the character
string group 1ndicating the consecutive areas from the data
table corresponding to the command is performed (step
S28). By this processing, the device indicating the consecu-
tive areas is acquired (expanded) from the data tables.

A processing to determine whether or not the first char-
acter of the character string of the device 1s a character other
than “K” is then performed (step S29). If the character is a
character other than “K”, a processing to extract the device

value is performed (step S30).

The processing to fetch the device 1s thus completed, and
once the processing to fetch the device has been completed,
a determination is then performed (the description returns
here to FIG. 2) as to whether or not the devices of consecu-
tive areas, extracted as described above, are within the
device range defined by the device range information (step
S6).

If the devices of consecutive arcas are not within the
device range defined by the device range information, a
processing to save the results as printout data and screen
display data is performed (step S9). By this processing, the
print out data and screen display data are created and added.

If the devices of consecutive areas are within the device
range defined by the device range information, a processing
to fetch attribute information of the devices within the areas
from the device range information with the devices of
consecutive areas, extracted as described above, processed
first is performed (step S7). Local device range information
and global device range information are thus acquired.

A processing to determine whether or not attributes within
an area are the same is then performed (step S8). Devices of
consecutive arecas are compared with local device range
information and global device range information. If the
attributes are not the same, a processing to save the results
as printout data and screen display data is performed (step
S9). With this process, the print out data and screen display
data are created and added.

A processing to determine whether or not the command 1s
still present is then performed (step S10). If the command is
still present, the processing to set the destination of the
reference by the sequence program source to the next
command is performed (step S4). The destination of the
reference by the sequence program source 1s then set to the
next command and the routine is repeated from the process-
ing to copy one command and device from the sequence
program to the work area (step S2).

Once the check has finished for all the sequence
programs, the saved results (check results) are output to the
CRT 18 via the screen control section 15 and to the printer
19 via the printer control section 16 (step S11).

The output results comprise the command number (list
line) where a command specifying a device outside the
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device range 1s present and the command, the command
number (list line) where a command specifying a device
notation for a local and global device used in combination
and devices 1ndicating consecutive areas 1s present and the
command, as well as the location of the combined use and
related device range information (normal local device ranges
and global device ranges).

When the above-described check 1s performed for the
sequence program shown in FIG. 4, the third command
“MOV K4M92 DO includes the device notation “K” 1ndi-
cating consecutive areas. In this command, as 1s shown 1n
FIG. 5, the numerical value “4” following the first character
“K” of the device section “K4M92 DO0” following the
command section “MOV” 1s extracted 1n the extraction
processing, and the consecutive device range “K1” to “K4”
1s acquired.

The devices “M92” to “M107” are allocated to the range
“K1”7 to “K4” of the consecutive devices. In this series of
devices, the devices “M92” to “M99” are local devices and
“M100” to “M107” are global devices relative to the device
attributes defined by the device range information.
Therefore, 1t 1s determined that the notation of the device
indicating consecutive areas in the third command i1s a
mixture of local and global devices used together.

Further, the seventh command “BMOV D45 D10 K107 1s
a command indicating consecutive areas (a transfer
command). Here, as 1s shown in FIG. 6, devices “D45” to
“D54” indicating consecutive areas of the transfer source are
acquired 1n accordance with this command. Note that
devices indicating consecutive areas of the destination of the
fransfer source are acquired i1n the same way, however,
because no error occurs here, they have been omitted.

Because the devices “D45” to “D49” are local devices and
“D50” to “M>54” are global devices of the devices “D45” to
“D54” mdicating consecutive areas relative to the device
attributes defined by the device range information, 1t 1s
determined that the seventh command which 1s indicating
consecufive areas 1s a mixture of local and global devices
used together.

The result of this 1s that a check result, such as that shown
in FIG. 7, 1s displayed on the screen.

Consequently, the check of whether or not a mixture of
local devices and global devices are being used 1n combi-
nation 1n consecutive devices having device notations 1ndi-
cating consecutive areas or commands specifying consecu-
five devices present in a sequence program does not require
the task of visually veritying the sequence program itself,
and can be automatically carried out reliably and rapidly.
Therefore, the erroneous operation of the programmable
controller caused by mistakes in the checking can be pre-
vented from occurring.

When a check 1s performed to confirm whether or not
devices connected by device notations indicating consecu-
five areas or commands specilying consecutive devices 1n a
sequence program are being used independently by other
commands present in the sequence program, an instruction
for a first device overlapping use check i1s given from the
keyboard 17 via the key input control section 14. By this
instruction, the processing section 11 runs the first device
overlapping use checking module 32 in the system program.

The check routine using the first device overlapping use
checking module 32 will now be described while referring

to FIG. 8.

When a check instruction is sent, firstly, a processing to
set the destination of the reference by the sequence program
copy source to the first command (the command on the
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examining side of overlapping use device) is performed
(step S41). As a result, the first command is set as the
destination of the reference by the copy source. A processing
to copy one command and device from the sequence pro-
gram to the first work area is then performed (step S42), and

the one command and device are copied to the first work
area.

A processing to determine whether or not one command
and device copied to the first work area are a command
specifying a device indicating consecutive areas or a device
notation is then performed (step S43). If they are neither a
command specilying a device indicating consecutive areas
nor a device notation, a processing to set the destination of
the reference by the sequence program copy source to the
next command is performed (step S44). By this processing,
the destination of the reference by the sequence program
copy source 15 set to the next command. The routine 1s then
repeated from the processing to copy one command and
device from the sequence program to the work area (step
S42). This corresponds to a scan of the commands on the
examination side of overlapping use devices.

If, however, one command and device copied to the first
work area are a command specilying a device indicating,
consecutive areas or a device notation, a processing to fetch
the device is performed (step S45), and the device alone is
fetched from one command and device. The processing to
fetch the device (expansion processing) is performed in
accordance with the processing routine shown 1n FIG. 3, 1n
the same way as the combined local/global device use check,
and an explanation thereof 1s omitted here.

A processing to set the destination of the reference by the
sequence program copy source to the first command (the
command on the side of the comparison with the overlap-
ping use device) is then performed (step S46). By this
processing, the first command 1s set as the destination of the
reference by the copy source. A processing to copy one
command and device from the sequence program to the
second work area is then performed (step S47).

A processing to fetch the device from one command and
device copied to the second work area 1s then performed
(step S48).

An overlapping use determination 1s then made as to
whether or not the device fetched from one command and
device 1n the second work area 1s within the consecutive
areas of one command and device of the first work area (step
S49).

If the device 1s within the areas, a processing to save the
results as printout data and screen display data 1s performed

(step S50). By this processing, the printout data and screen
display data are created and added.

A processing to determine whether or not a command on
the side of the comparison with the overlapping use device
is still present 1s then performed (step S51). If a command
1s still present, a processing to set the destination of the
reference by the sequence program copy source to the next
command is performed (step S52). By this processing, the
destination of the reference by the sequence program copy
source 1s set to the next command. The routine 1s then
repeated from the processing to copy one command and
device from the sequence program to the second work area
(step S47). This corresponds to a scan of the commands on
the side of the comparison with the overlapping use device.

Once the command on the side of the comparison with the
overlapping use device has ended, a processing to determine
whether or not a command 1s still present on the overlapping,
use device examination side is performed (step S53). If a
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command 1s still present, the processing to set the destina-
tion of the reference by the sequence program copy source
to the next command is performed (step S44), and the
destination of the reference by the sequence program copy
source 15 set to the next command. The routine 1s then
repeated from the processing to copy one command and
device from the sequence program to the first work area
(step S42).

Once the checking has been completed for all sequence
programs, the saved results (check results) are output to the

CRT 18 via the screen control section 15 and to the printer
19 via the printer control section 16 (step S54).

The output results comprise numbers (list lines) where
overlapping devices, commands specifying devices indicat-
ing consecutive areas, and device notations in which the
devices are used independently by other commands are
present as well as the commands.

When the above-described check i1s performed for the
sequence program shown in FIG. 9, the third command

“MOV K4M92 D12” includes the notation “K” of a device
indicating consecutive areas. In this command, as 1s shown

in FIG. 10, “4” 1s extracted in the processing to extract the
numerical values following the first character “K” of the
device portion “K4M92 D12” following the command por-
tion “MOV” and the range of consecutive devices “K1” to
“K4” 1s acquired. The devices “M92” to “M107” are allo-

cated to the range of consecutive devices “K1”7 to “K4”.

Relative to this, because, 1n the fifth command “OUT
M100”, the “M100” 1s being used independently, it is
determined that the devices “M92” to “M107” of the con-

secutive areas overlap with the “M100” of the fifth com-
mand “OUT M100”.

Further, the seventh command “BMOV D45 D10 K107 1s
a command indicating consecutive areas (a transfer
command). As is shown 1 FIG. 11, the devices “D10” to
“D19” mdicating consecutive areas of the destination of the
transfer are here acquired in accordance with his command.

Relative to this, because, 1in the third command “MOV
K4M92 D127, the “D12” 1s being used independently, it is
determined that the devices “D10” to “D19” of the consecu-

tive arcas overlap with the “D12” of the third command
“MOV K4M92 D127,

As a result, the check results are displayed on a screen as
1s shown 1n FIG. 12.

Accordingly, the check as to whether or not devices
connected by device notations indicating consecutive areas
or commands specifying consecutive devices 1n a sequence
program are being used independently by other commands
present 1n the sequence program can be automatically per-
formed reliably and rapidly without the necessity of the
visual confirmation of the sequence program itself. The
erroneous operation of the programmable controller caused
by mistakes 1n the checking can thus be prevented from
occurring.

When checking whether or not index modified results of
commands speciiying index modification devices present in
the sequence program are being used by other commands
present 1n the sequence program, an instruction for a second
device overlapping use check i1s given from the keyboard 17
via the key mput control section 14. In addition, the range to
be index modified (the index modification range Z=0 to 10)
1s also input. By this instruction, the processing section 11
runs the second device overlapping use check module 33 in
the system program.

The check routine using the second device overlapping
use checking module 33 will now be described while

referring to FIG. 13.
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When a check mstruction 1s sent, a processing to set the
destination of the reference by the sequence program copy
source to the first command is performed (the command on
the examination side of the overlapping use device) (step
S61). By this processing the first command is set as the
destination of the reference by the copy source. A processing
to copy one command and device from the sequence pro-
gram to the first work area is then performed (step S62).
With this process, the one command and device are copied
to the first work area.

A process to determine whether or not one command and
device copied to the first work area are a command including
an index modified device is then performed (step S63).

If they are not a command including an index modified
device, a processing to set the destination of the reference by
the sequence program copy source to the next command 1s
performed (step S64). With this process, the destination of
the reference by the sequence program copy source 1s set to
the next command. The routine 1s then repeated from the
processing to copy one command and device from the
sequence program to the work area (step S62).

If, however, one command and device copied to the first
work area are a command which includes an index modified
device, a processing to fetch the minimum and maximum
values of the retrieval device is performed (step S65). With
this process, the minimum and maximum values of the
retrieval device are fetched from one command and device.

The processing to fetch the minimum and maximum
values of the retrieval device 1s now described while refer-

ring to FI1G. 14.

A processing to disassemble a character string following
one command and device into character string groups with
no spaces and so that the spaces become keys 1s performed
(step S81). With this process, a device section is disas-
sembled 1nto each device.

A process to determine whether or not the last character
of a character string of a disassembled device 1s a notation
of an index device is then performed (i.€. is “Z” or not) (step

$82).

If the last character 1s not “Z”, a processing to determine
whether or not extraction has been performed for all char-
acter string groups is performed (step S85). If extraction has
been performed for all character string groups, the routine 1s
ended. If, however, extraction has been performed for only
a portion of the character string groups, the processing to
determine whether or not the last character of a character
string 1s “Z” (step S82) is repeated for all the devices in the
device portion.

If the last character 1s “Z”, the device value before “Z” 1s
extracted and set as the minimum value of the retrieval

device (step S83).

The index modification range (Z=10), which is the maxi-
mum value of Z input using the keyboard, 1s added to the
extracted device value and this 1s set as the maximum value
of the retrieval device (step S84).

A process to determine whether or not extraction has been
performed for all character string groups 1s then performed
(step S85). The processing to determine whether or not the
final letter of a character string is “Z” (step S82) is repeated
until it 1s performed for all the devices included 1n the device
section with the result that the processing 1s repeatedly
performed for all the devices.

The processing to fetch the minimum and maximum
values of the retrieval device 1s completed by the above
procedure. Once the processing to fetch the minimum and

10

15

20

25

30

35

40

45

50

55

60

65

14

maximum values of the retrieval device 1s completed, a
processing (the description returns here to FIG. 13) to set the
destination of the reference by the sequence program copy
source to the first command (the command on the side of the
comparison with the overlapping use device) is performed
(step S66). Consequently, the first command 1s set as the
destination of the reference by the copy source. A processing
to copy one command and device from the sequence pro-
gram to the second work area is then performed (step S67).

A processing to fetch the device from the one command
and device copied to the second work area 1s then performed
(step S68).

An overlapping use determination 1s performed as to
whether or not the device fetched from the one command
and device 1n the second work area 1s within the retrieval
arca of the device of the one command and device of the first

work area (the command which includes the index modified
device) (step S69).

If 1t 1s within the retrieval area, a processing to save the
results as printout data and screen display data 1s performed
(step S70). With this process, printout data and screen data
are created and added.

A processing to determine whether or not a command on
the side of the comparison with the overlapping use device
is still present 1s then performed (step S71). If a command
1s still present, a processing to set the destination of the
reference by the sequence program copy source to the next
command is performed (step S72). With this process, the
destination of the reference by the sequence program copy
source 15 set to the next command. The routine 1s then
repeated from the processing to copy one command and
device from the sequence program to the second work arca
(step S67).

Once the command on the side of the comparison with the
overlapping use device 1s ended, a processing to determine
whether or not a command on the overlapping use device
examination side is still present is performed (step S73). If
the command 1s still present, the processing to set the
destination of the reference by the sequence program copy
source to the next command 1s performed (step S64), and the
destination of the reference by the sequence program copy
source 15 set to the next command. The routine 1s then
repeated from the processing to copy one command and
device from the sequence program to the first work area
(step S62).

Once checking of all sequence programs has ended, the
saved results (check results) are output to the CRT 18 via the
screen control section 15 and to the printer 19 via the printer
control section 16 (step S74).

Index modified devices, commands overlapping the index
modified results, and the commands are outputted 1n the
output results.

When the above check i1s performed for the sequence
program shown 1n FIG. 15, the first command “MOV D10Z
D100” 1s a command specifying an index modification
device. As 1s shown 1n FIG. 16, the minimum value “D10”
and maximum value “D19” of a retrieval device are fetched
and the device retrieval range “D10” to “D19” 1s acquired.

Relative to this, because “D10” 1s used in the third
command “MOV D10 D120” and “D19” 1s used 1n the fifth
command “MOV D19 D219, the index modified result of

“MOV D10Z D100 1s determined to be used overlappingly
with the devices used 1n the third and fifth commands.

When the same process 1s performed for the ninth com-
mand “MOV W20Z W200”, the index modified result is
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determined to be used overlappingly with the device used 1n
the eleventh command.

The result of this 1s that check results, such as those shown
in FIG. 17, are displayed on the screen.

Accordingly, the check as to whether or not the index
modified result of a command specilying an index modifi-
cation device present 1n a sequence program 1s used by
another command present 1n the sequence program can be
automatically performed reliably and rapidly without the
necessity of the task of visually confirming the sequence
program 1tself, and erroneous operation by the program-
mable controller due to checking mistakes can be evaded
beforehand.

Industrial Applicability

A peripheral device for creating a sequence program for
a programmable controller for controlling mechanical
equipment can be used for automatically checking the
sequence program.

What 1s claimed 1s:

1. A peripheral device for a programmable controller
comprising:

a storage unit which stores a range of a device allocated
for each sequence program; and

a device range checking unit which sequentially extracts
device notations indicating consecutive areas and com-
mands specilying consecutive devices present in a
sequence program, expands devices of corresponding
consecutive areas, and checks whether or not the
devices of consecutive areas are within a range of
devices stored 1n said storage unit.

2. The peripheral device according to claims 1, wherein
when checking whether or not the devices are within the
range, said device range checking unit checks whether or not
local devices and global devices are used 1n combination 1n
the consecutive areas based on the range of the local device
and device range information which defines the range of the
global devices that are common to each sequence program.

3. The peripheral device to claim 1, wherein after comple-
tion of the check of the device range by said device range
checking unit, said device in the consecutive arca checks
whether or not local devices and global devices are used in
combination in the consecutive areas based on the range of
the local device and device range information which defines
the range of the global devices that are common to each
sequence program.

4. A peripheral device for a programmable controller
comprising:

a system program area which stores a system program,;

a sequence program area which stores a sequence pro-
gram;

a device range information area which stores device range
information that defines a range of a device; and

a processing section which sequentially extracts device
notations indicating consecutive areas and commands
specilying consecutive devices present 1n a sequence
program of said system program area by running the
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system program stored 1n said system program area,
expands the devices of corresponding consecutive
areas, checks whether or not said devices 1n the con-
secutive areas are within a device range defined by
device range mnformation stored in the device range
information area, and reports a result of checking.

5. The peripheral device according to claim 4, wherein
when checking whether or not the devices are within the
range, said processing section checks whether or not local
devices and global devices are used 1n combination in the
consecutive arecas based on the range of the local device
allocated for each of the sequence program and device range
information which defines the range of the global device that
are common to each sequence program.

6. The peripheral device according to claim 4, wherein
after completion of the check of the device range by said
processing section, said device i1n the consecutive area
checks whether or not local devices and global devices are
used 1n combination 1n the consecutive areas based on the
range of the local device and device range information
which defines the range of the global devices that are
common to each sequence program.

7. A peripheral device for a programmable controller
comprising;:

a storage unit which stores a range of a device allocated

for each sequence program; and

a processing unit which sequentially extracts device nota-
tions 1ndicating consecutive arcas and commands
specilying consecutive devices present 1n a sequence
program, acquiring devices corresponding to the con-
secutive areas specified by a device notation, and
checks whether or not each of said consecutive areas 1s
within a range of a corresponding device.

8. The peripheral device for a programmable controller as
set forth 1n claim 7, wherein the processing unit determines
whether the device notation indicates said consecutive areas.

9. The peripheral device for a programmable controller as
set forth in claim 8, wherein if the processing unit deter-
mines that the device notation indicates consecutive areas,
the processing unit for each consecutive area of the con-
secutive areas specified by the device notation, acquires the
range ol the device corresponding to the consecutive area.

10. The peripheral device for a programmable controller
as set forth 1 claim 9, wherein the processing unit consecu-
tively checks whether each of said consecutive areas 1is
within the range of the device corresponding to the con-
secutive area.

11. The peripheral device for a programmable controller
as set forth 1 claim 7, wherein the processing unit deter-
mines whether the command specifies a device with con-
secufive areas.

12. The peripheral device for a programmable controller
as set forth in claim 11, wherein, when the command
specifles a device with consecutive areas, each of said
consecutive areas 15 checked to determine whether said
consecutive area 1s within the range of the device.
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